Abstract: Afforestation and reforestation operations constitute an important part of the forest management, being crucial for the sustainability of forests. In such operations, there are three options to prepare the planting holes: manual, partly mechanized, and fully mechanized. Given the high cost of mechanized planting and the ergonomic issues of manual planting, one option which is worth exploring is using of augers, because they have the potential to mitigate and/or eliminate intense physical effort and aspects of some of the ergonomic problems. This study examines the early survival of seedlings following the use of augers to prepare the planting pits. Working time, fuel consumption and physical quality of the pits were evaluated on nine sites for two drill types differentiated by their diameter (150 vs. 200 mm). Time consumption was systematically higher when using the larger drill, while fuel consumption was not found to be statistically different. The larger drill systematically produced pits characterized by less physical quality in terms of resistance to penetration and shear strength, but the early survival of seedlings was higher when using this drill size. Survival probability modeled by means of logistic regression showed that pit size was among the factors that may affect the early survival of seedlings. The study concludes that the larger drill would be more appropriate to plant seedlings, but further studies should be arranged to see if long-term survival would be affected in this case.
Introduction
Planting new forests and restocking of harvested areas constitute an important part of the forest management, contributing to the global sustainability of forests. Nevertheless, afforestation and reforestation require the commitment of significant resources by forest management agencies and private companies, resulting in substantial costs to support such operations. Seedling planting is one of the most common approaches used to regenerate forests. At the same time, operational options for seedling planting may be categorized as manual, partly mechanized, and fully mechanized [1] . In particular, mechanized planting is used to overcome the shortage and costs of manual labor [2] , diameter on time and fuel consumption, physical quality of the pits, and early survival of the seedlings in unknown. As the drills that are 150 and 200 mm in diameter are often used in planting operations, the goal of this study was to evaluate the differences between the two in terms of quantitative inputs (time and fuel) and qualitative outputs (physical quality of the pits and survival rate).
The main aim of this study was to evaluate to what extent auger pit-drilling affects the early survival rate of seedlings by testing two drill sizes: 150 vs. 200 mm in diameter. The second aim was to evaluate the differences in time and fuel inputs between the two drill sizes in order to see which one is more effective in terms of allocated resources. According to the aims set by the study, comparative studies were designed and implemented to test the differences between the drill sizes in terms of time consumption, fuel inputs, and survival rate of planted seedlings. The probability of seedling survival was estimated using a logistic modelling approach.
Materials and Methods

Study Location, Equipment Description, and Experimental Layout
Nine motor-manual pit-drilling field tests (hereafter FT1-FT9) were carried out in the spring (March-April) of 2015, 2016, and 2017 on nine sites in five forest districts located in the western half of Romania ( Figure 1 , Table 1 ). The choice of compartments to be experimented on was based on the specific variability in topography and soil conditions that characterize the plain, hill, and part of the mountainous forested area in Romania. In all of the field tests, small-sized bare-root seedlings were used in planting operations. According to the relevant Romanian standards, such seedlings are characterized by root sizes in range of 20-25 cm, ages of 2-4 years, and diameters at the collar of 5-10 mm [1] . Two drill sizes were experimented on each site, using a 1.3 kW, 9.4 kg Stihl BT 121 ( Figure 2 ) auger (Stihl, Waiblingen, Germany). In the first treatment, a drill that was 150 mm in diameter (hereafter D 150 ) was used to make cylindrical pits with a depth of 300 mm, while in the second treatment a drill that was 200 mm in diameter (hereafter D 200 ) was used to drill at the same depth.
On each site, an experienced worker was used to work with both drills. However, different workers were used on different sites. Given the requirements to plant all of the designated area from each site, it was not possible to establish in advance a balanced planting design in which an equal number of pits were used between the two drill sizes. Instead, an exact number of 50 pits (Table 1) were made using the D 150 and the rest were made using the D 200 . Irrespective of the site and drill size, the planting scheme was of 2 × 1 m, being in line with the Romanian regulations of planting schemes [1] . On sites characterized by flat terrain, a rope was used to align the drilled pits (Figure 2 ), a setup that was not possible in steep terrain. The worker planned in advance the location of each pit, irrespective of the slope condition. Tree species to be planted were selected according to the provisions of local forest management plans, which are the regulatory documents describing operations to be implemented by quantitative and qualitative indicators [20] that follow the general principia of such operations [1] . Excepting the Norway spruce, most of the tree species used in the described planting operations are characterized by the development of a prominent radicle, with some of them exhibiting such a behavior starting from their youth [21] . 
Data Collection
To evaluate the basic physical properties of the soils, six soil samples were taken from each site at three depths (0-10, 10-20, and 20-30 cm) using the equipment, procedures, and techniques described in Târziu [22] . The samples were used to evaluate the moisture content (SM, %), bulk density (BD, g/cm 3 ), total porosity (TP, %), and granulometric composition (G, %) of each soil type by the regular standardized techniques [22, 23] . For each site, soil type was documented from the management plans and cross-validated by observation in the field. All the tests were carried out in the specialized laboratory of agro-pedology of the Arad's Department of Agriculture.
Time consumption data was collected using the continuous chronometry method [24] due to the equipment that was available for time measuring and the characteristics of the observed operations. Typically, this method can be used when the work elements are less complex and have long durations [25] . Based on the concepts used in comparison studies [26] , a digital stopwatch was used to measure the time spent in two events that were considered relevant for the study design: moving time (MT, s), which was the time spent by the worker to move from a drilled pit to the next one, and the pit drilling time (DT, s), which was the time spent to effectively drill a pit. Both MT and DT were assumed to be affected by the drill size. Time consumption data was recorded on paper sheets, then it was transferred, processed, and analyzed into MS Excel (Microsoft Excel 2013, Redmond, WA, USA).
Compared to other studies that accounted for the variability of processed unit size (e.g., [27] ), this study assumed less variability in the fuel intake due to the relative homogeneity of drilled pits and moving distances. Therefore, it was assumed that the mean values of fuel consumption would carry enough information to characterize eventual differences between the two tested drill sizes. Fuel consumption was measured as described in Acuna et al. [26] and it covered both the fuel used in effective drilling and the fuel consumed during the idle running of engine.
Physical quality of the pits was described by features such as the resistance to penetration (RP, daN × cm −2 ) and shear strength (SS, daN × cm −2 ). These parameters were measured at the bottom (b) of the pits and at depths (h) of 5, 15, and 25 cm from the surface, on a direction perpendicular to each pit's walls. RP was measured using a HM-500 handheld instrument (Gilson Company Inc., Lewis Center, OH, USA), while the SS was measured using a handheld sampler marketed by IFA Group, Iaşi, Romania ( Figure 3 ). Measurements were done once on each pit. Since the seedling survival after one year is critical [1, 8, 19] , each site was revisited in the early summer, one year after the plantation, to account for eventual losses. Survival data was collected using dichotomic attributes: survived vs. not survived, and was applied to each planted seedling observed in the first study stage.
Data Processing and Analysis
Normality tests (Shapiro-Wilk) were carried out to see whether the data used in statistical descriptions, comparisons, and modeling were normally distributed. Following this procedure, statistical tests appropriate to the data type and experimental design were used to compare and find eventual significant differences between the two drill sizes in terms of time and fuel consumption, physical quality of the drilled pits, and survival rate. Statistical modelling techniques by the means of logistic regression were used to evaluate what factors were most likely to affect the survival rate of the seedlings. Given the limited sample size characterizing the soil condition, statistical description was carried out using the regular descriptive statistics such as the mean value and standard deviation (moisture content, bulk density, total porosity) and the share of particle sizes in the case of granulometric analysis. Time consumption data was statistically described using the common procedures [26] , while the statistical comparison methods used were those specific mostly to unbalanced designs. Since most of the data showed evident departure from normality, median values were used as statistic descriptors and Mann-Whitney tests were used to compare between the two treatments. Fuel consumption data was proven to be normally distributed. Therefore, the mean values were used as descriptors and regular two-tailed t tests were used for comparison. Physical quality of the drilled pits, expressed as the RP (daN × cm −2 ) and SS (daN × cm −2 ) at each pit's bottom (b) and on its walls at 5, 15, and 25 cm from the soil's surface, resulted in the statistical analysis of 16 data strings. A normality check resulted in various situations, with data both normally and non-normally distributed. However, in comparing pairs that differed in regard to which drill size was used, there was no such case in which both data strings were normally distributed. Therefore, Mann-Whitney tests were used to compare and median values were used to describe the data. Survival of the seedlings was encoded as a dichotomous variable using "1" for those seedlings that survived and "0" for the rest. Therefore, the data was statistically described using percentages for survival and mortality. Statistical comparison between the two drill sizes was carried out using a Fisher exact test in those cases in which the minimum number of expected events in one category (survived, not survived) was less or equal to 5 [28] and a χ 2 test in the rest of cases. The last statistical procedure consisted of using the methods and techniques of logistic regression to predict the survival probability as a function of drill size, soil type, and physical characteristics of the pits. This statistical method was chosen due to its capability to work with dichotomous outcome variables [29] . To this end, the individual outcome in terms of survival was coded the same way as in the survival tests described above. Drill size was coded by 0 in case of D 150 and by 1 in the case of D 200 . Soil type was coded with numbers from 0 to 9, and the physical features of the pits were kept as they came from the field tests. Both comparison and modelling procedures assumed a confidence level of 95% (α = 0.05), as is commonly used in biostatistics [28] and other kind of forestry-related research [26] ; probabilities were set at p < 0.05 or p > 0.05 depending on the type of data and statistical tests used. Data processing and statistical analysis was carried on using the MS Excel software fitted with the Real Stats ® plugin. Table 2 shows the basic physical characteristics of the soils. The share of granulometric fractions are given in Figure 4 for each field test. Typically, the pits were drilled in unprepared soils, with moisture contents decreasing as a function of depth and varying between 8.74% and 24.58%. In general, bulk density and total porosity were in line with the soil type and subtype [23] , showing a decrement as a function of the soil depth. Excepting the soil from the first site, which was at the limit of clay content to be classified as a clay, the rest of soils were loams according to Osman [22] , with various amounts of both coarse and fine sand, resulting in medium coarse soil conditions. Sites of FT2 and FT4 were characterized by the presence of logging slash at the soil surface. 
Results
Physical Condition of Soils in the Field Tests
Time and Fuel Consumption
The observed time accounted for almost 5 h, out of which MT accounted for approximately 1. Figure 5 gives the shares of DT and MT in the motor-manual drilling cycle time (CT) in regard to sites and drill sizes used. As shown, irrespective of the site, DT accounted for the greatest share (more than 60%) in the CT. As a rule, when using D 150 , the share of DT in CT was always smaller compared to the use of D 200 , excepting those cases in which the soil showed the presence of logging residues at the surface. Table 3 gives the main descriptive statistics of the time study. On average, DT was always greater than MT, which in more than half of the cases amounted to less than 4 s. Comparison tests produced no evidence on significant differences between MT as an effect of the drill size (Table 3) . This was true, however, only when comparing between drill sizes in the same field test. Excluding FT2 and FT4, the effective drilling time (DT) was systematically different between the two treatments studied in each field test (Table 3) , showing also that more time was spent in drilling when using the second drill type (D 200 ). Under the same circumstances, the ratio of D 200 to D 150 drilling time was in the range of 1.11 to 2.29. In total, the fuel consumption amounted 7.373 L, resulting in approximately 0.41 L per field test. However, the number of pits drilled by D 200 was greater (847) compared to D 150 (450). In these conditions, the mean fuel consumption was 6.8 ± 2.78 mL for D 150 
Physical Quality of the Pits
Data characterizing RP and SS is given in Table 4 . As shown, there was a general decreasing trend of RP as the sampling depth increased, with almost systematic differences and greater RPs when using D 200 . For data summarized at the study level, RP was found to be less at the bottom compared to second (h 15 ) and third (h 25 ) sampling layers and the RP values at the bottom were not statistically different between the drill sizes; they were different, however, on the pit's wall, with greater RPs attributed to D 200 . At the field test level, with only two exceptions, differences were specific to all of the sampling depths, including the bottom of the pits; a similar finding indicates that, in general, D 200 produced pits characterized by a greater resistance to penetration in the walls. The only case in which no differences were found in terms of RP was that of FT2, where the soil was characterized by a vertic layer, which typically has characteristics that are mostly affected by its temporary moisture content [30] . Another particular case was that of FT9, where RP was found to be the highest starting from the very first centimeters of soil. SS was also significantly different for most of the compared pairs, excepting the values collected in FT7 and FT9, and some values characteristic to the upper part of the pits and their bottom. It was affected the same way that the resistance to penetration was.
Survival Rate and Survival Probability
In Romania, the commonly accepted survival rate one year after planting is 85% [1] , therefore, the results of this study, excepting FT9, indicated a good survival rate, with values ranging from 84% (one case) to 94% for the seedlings planted in the 150-mm pits and with values ranging from 86.49% to 96.40% for seedlings planted in the 200-mm pits (Table 5) . At the field test level, no significant statistical differences in terms of survival rate were found between the drill sizes used, even if the survival rate was systematically higher for those pits produced by D 200 ; at the study level, the differences were statistically significant, with an overall survival rate of 85.33% for D 150 and of 91.03% for D 200 . FT9 accounted for the lowest survival rates (48% and 63.33%, respectively), a fact that probably relates to the soil type (Table 2) , which also affected the physical characteristics of the pits.
Pit size, and therefore the drill size, as well as the physical quality of the pits, may affect the early survival rate, as shown in Table 6 . Following the logistic regression analysis, the soil type failed to become a significant factor (p = 0.06) in predicting the probability of survival, while the SSs were far from representing significant predictors. Among the remaining factors, it seems that the pit type (PT) had the greatest effect, with a contribution of more than 10% to the survival probability in the case of D 200 . Surprisingly, RP seemed to positively affect the survival outcome for depths between 10 and 20 cm, which generally correspond to the space where the roots grow laterally after planting. A similar outcome characterized the effect of RP at the bottom. The only expected negative contributions of RP were found at 5 and 25 cm in depth. The model included in Table 6 returned correct predictions of the survival probability in 92.4% of the cases, for a cut-off threshold set at 0.5.
Discussion
In what concerns the time consumption, and by excluding those field tests in which the results were affected by some particular conditions that are not common to the Romanian practical guidelines [31] , this study showed that the CT varied between approximately 8-12 s for D 150 and between approximately 11-17 s for D 200 . These results do not account for the supportive time and for different kinds of delays as described by Björheden et al. [24] and Acuna et al. [26] , neither do they account for the effective planting. Instead, they are showing that drilling by D 150 took less time, a fact that could be related to the drill size, since no significant differences were found in MT. Assuming a full planting operation, the numbers presented above probably would have reached more than half a minute per planted tree, a fact that still remains open to research. Studies on manual planting, on the other hand, have shown results in the range of 6 [6] to 19-26 [5] seconds spent to plant a tree, while for mechanized planting one could expect values in the range of 15-18 s per tree [4] . However, the performance of both manual and mechanized planting operations depends largely on the operational conditions, tools, and technology used. Fuel consumption was not found to be significantly different between the studied drill sizes, but such an outcome could still be affected, to some extent, by the operational behavior of the worker. Even if not statistically proven, the fuel consumption per pit was 0.8 mL higher in the case of D 150 , a fact that may count at bigger scales, thereby potentially advocating for the use of D 200 .
Generalization in the use of D 200 is not sustained by the physical quality of pits but, in contrast, the early survival showed better results in this case. Even if different, the RPs and SSs of this study may not be attributed solely to the drill size. In fact, soil type and its natural characteristics are determinants of survival rate [3] , while the tree species have different abilities to adapt their root growth to such characteristics [17] . For instance, soils characterized by bulk densities of about 1.7 kg L −1 characterize the point at which roots begin to cease penetration [17] . In this study, only two soils exhibited bulk densities close or greater than 1.7 kg L −1 (FT2 and FT3) . However, the survival rates of plants grown in these soils were found to be among the best. The poorest results were those of FT9 (stagnic luvisol), where the use of D 150 returned 48% and the use of D 200 returned 63% in terms of early survival rate. In this case, the bulk density was evaluated to be close to that where the roots should have been able to develop well [17] , but RPs and SSs were found to be the highest. Knowing the fact that sessile oak is less tolerant to difficult soil physical conditions compared to Turkey oak [21] , it could be that the smaller survival rate was at the expense of the former. Early survival probability, as modelled by logistic regression, may be affected by two categories of factors that could be related to the drill size: pit size and the physical quality of pits in terms of RP. To this end, the positive contribution of RP measured at the pit's bottom to the early survival of the seedlings could be seen as contrary to the root development mechanics. In many cases, however, this parameter showed smaller values compared to the pits' walls, as an effect of the drill's construction (Figure 2 ). In addition, one year could be insufficient to capture the effect of RP at this location, since many plants exhibit the so-called opportunism in timing and orientation [32] . Most probably, this was also the case of the RP measured at h 15 . Only RP measured at h 5 and h 25 contributed negatively to the probability of early survival, a fact which, most probably, is related to the architecture and development of the roots.
On the other hand, the survival rate may decrease in time due to various reasons. Some studies have shown that the survival rate after one season may vary in the range of 62% to 93% [33] [34] [35] [36] , which are figures comparable to that of this study. Having a survival of 89% in the first year, one could expect an additional mortality of 10% in the second season, especially when the drainage of the soil is poor [33] . Depending also on the seedling root treatment, in the third season the survival may decrease by 2%-4% compared to the first year [34] . In Scandinavian forests, the survival rate after five years was evaluated at 57%-78% and it was affected by the soil preparation type, with the poorest results in unprepared soils [37] . Therefore, it seems that one year after plantation may be too short of a period to discriminate the survival gain that was specific to D 200 . To this end, further research should be arranged to clarify how different drill sizes may affect the medium-and long-term survival.
Conclusions
We conclude that, in terms of early survival rate, the use of augers equipped with 200-mm drills contributed significantly to the planting success compared to 150-mm drills. Even if the differences between D 200 and D 150 were less than 1% in some cases, when thinking at bigger scales, such differences will have significant consequences in terms of resource allocation. In difficult soil conditions, the discrimination between the two drill sizes was evident in terms of survival, as D 150 was outperformed by D 200 by approximately 30%. In such or similar conditions, sites operated by D 150 will require substantial investments to improve the survivability of planted seedlings. The fact that the physical quality of pits drilled by D 200 was poorer had no effects on the early survival. Even if not statistically proven, the fuel consumption was higher when using D 150 but the time consumption was less. Based on these facts, and at least in terms of early seedling survival, the second option (D 200 ) would fit better in motor-manually assisted planting operations. Funding: This research received no external funding.
